To identify potential obstacles to bone mineral density (BMD) testing, we performed a structured review of current osteoporosis screening guidelines, studies of BMD testing patterns, and interventions to increase BMD testing.
S
creening for osteoporosis, primarily with bone mineral density (BMD) testing, permits prediction of future fractures among white women. [1] [2] [3] However, screening may not be adequately performed on at-risk patients. As the population ages and osteoporosis increases in prevalence, there is a growing need to develop practical public health initiatives to bring effective screening technologies and strategies to widespread use. This is particularly important in light of the substantial morbidity, mortality, and medical costs caused by osteoporosis. 4 One of the research priorities described by the 2000 NIH Consensus Development Conference on Osteoporosis was the "need to study the most effective method of educating the public and health care professionals about the diagnosis and treatment of osteoporosis." 5 To realize this priority, the scope of the problem must be adequately assessed, obstacles to providing screening must be identified, and prior interventions to improve screening must be examined. We framed three questions in an effort to better understand the apparent underutilization of bone mineral density testing and how the rate at which at-risk populations undergo screening could be optimized. First, do recommendations for the use of BMD testing as a screening test for osteoporosis present a unified and coherent message to clinicians? Second, are predictors for BMD testing well defined? Last, are there proven strategies for improving rates of BMD testing? We systematically reviewed three article types to address these questions. We first examined practice guidelines for osteoporosis screening. Next, we reviewed studies that described rates of BMD testing in different populations to explore what patient or physician factors have been identified as predictors of undergoing or not undergoing densitometry. Finally, we examined articles that described interventions designed to increase the use of such testing.
METHODS

Study Selection
We searched MEDLINE and HealthSTAR for Englishlanguage articles published between January 1992 and December 31, 2002 on the following MESH terms: osteoporosis + guideline, osteoporosis + practice pattern, osteoporosis + provider characteristics, osteoporosis + management, JGIM osteoporosis + screening, osteoporosis + x-ray densitometry, and screening + x-ray densitometry . References from relevant articles were reviewed, as were abstracts presented at national meetings; when possible, authors were contacted for full text references. Last, experts in the field were consulted to obtain additional references.
Article selection was performed in two stages. First, two authors (DHS and HC) examined all abstracts to determine their relevance to this review. We excluded metaanalyses, review articles, public policy statements about osteoporosis, articles about hormone replacement therapy (HRT) that did not focus on osteoporosis, articles without primary data, aides to decide whom to screen, and articles not about osteoporosis management. The remaining articles were reviewed completely by two authors (CAM and DC), using the same exclusion criteria. The articles were organized into three categories: clinical practice guidelines published in peer-reviewed journals or issued by national organizations, studies that reported the rate of and/or predictors of BMD testing, and interventions to increase BMD testing rates.
Data Abstraction
Each included article was reviewed using a structured data abstraction tool (available upon request). For all articles, we recorded the source of funding. For clinical guidelines we noted the method for creating the guidelines, including whether a formal consensus process was described, whether evidence for the guidelines was graded, and whether cost effectiveness was mentioned as a criterion for the guidelines. While our primary purpose was to focus on the process and methods by which guidelines are developed, we also recorded specific screening recommendations, including the target patient populations, osteoporosis risk factors, the screening modalities discussed, and the presence of a practice algorithm.
For articles describing patterns of bone densitometry, we abstracted demographic information and relevant clinical characteristics of the study population. We noted the frequency of BMD testing and the source of this information. Any data on patient, physician, or system characteristics predictive of screening were assessed. BMD rates that were adjusted for patient and/or physician characteristics were preferred when available. Articles examining the frequency of bone densitometry by different physician groups were considered separately. For interventions to improve bone densitometry, similar demographic information about the target population was recorded, as well as trial design, the details of the intervention, endpoints, and effect estimates.
Analysis
Both reviewers discussed all data, and achieved consensus by re-review of the papers if necessary. The articles were too heterogeneous in design and study populations to attempt a formal meta-analysis. Data for BMD testing frequencies were summarized as a weighted mean.
RESULTS
We identified a total of 235 articles on screening and treatment of osteoporosis. 6 After reviewing abstracts, 155 articles were excluded: 62 only concerned hormone replacement therapy (HRT), 24 described decision aides, 19 did not discuss management of osteoporosis, 12 lacked data, and 38 were excluded for other reasons. The remaining 80 studies of osteoporosis screening included 36 guidelines, 35 studies of screening practices, and 9 studies of interventions. Of the 36 articles identified as potential guidelines, 12 were excluded from the analysis: 5 were public policy statements, 3 were review articles, and 4 lacked specific guidelines. Among the 24 guidelines were 7 pairs of revised recommendations from the same sponsor; for the purpose of this review only the most recent version was considered. Of the 35 articles on patterns of BMD testing, 10 were excluded from the review: 6 articles that discussed treatment patterns only and 4 articles that lacked data on BMD testing as the outcome of interest. We identified 9 intervention studies, and excluded 4: 3 articles had bone densitometry as the intervention rather than the outcome, and 1 was unrelated to osteoporosis.
Clinical Practice Guidelines
Results of our review of the literature on clinical practice guidelines for osteoporosis screening are described in the Appendix and summarized in Table 1 . The processes used in the development of guidelines varied widely. Five of 17 (29%) did not describe how the guidelines were derived. 11, 14, 26, 27, 28 While guidelines were often described as the product of a "consensus," only 9 of 17 (53%) mentioned how that consensus was defined. 12, 17, 18, 20, 21, 23, 25, 28, 29 Of the 17 guidelines, 10 (59%) commented on how evidence was graded or evaluated for guideline development, 7 
Patterns of Bone Densitometry
Twenty-two papers provided data on rates of BMD testing. Tables 2 and 3 describe patterns of BMD screening for 2 of the most frequently studied subgroups, postfracture patients [38] [39] [40] [41] [42] [43] [44] and oral glucocorticoid users. [45] [46] [47] [48] [49] [50] [51] [52] Studies of physicians' characteristics were included. [34] [35] [36] BMD testing rates ranged from 1% to 32% of postfracture patients and 1% to 47% of oral glucocorticoid users. One article that reported a 0% rate of screening in a postfracture population acknowledged that BMD testing was unavailable during the study period, so it was omitted from consideration. 33 The weighted average screening rates were 8% in the postfracture population and 9% in patients using oral glucocorticoids. In the three studies that examined physician characteristics for performing BMD testing, the percentage of doctors ordering bone densitometry as a screening test for osteoporosis varied from 38% to 62%. 34 -36 Two of these studies used physician self-report as the primary data source. 34, 36 Fourteen studies examined potential predictors of bone densitometry and 8 presented data that were adjusted for covariates. 34 found to predict BMD testing in at least 2 studies. Neither patient age nor presence of comorbidities was associated with BMD testing. Female physicians and doctors caring for larger numbers of postmenopausal women associated with higher rates of use of bone densitometry in 2 studies, while physician age and years since medical school graduation were not associated with rates of bone density testing. 34 -36 One article found higher rates of BMD testing in areas with more bone densitometers. 37 
Interventions
Interventions to increase the rate of BMD testing are presented in Table 4 . [53] [54] [55] [56] [57] Two were multifaceted interventions designed to address both osteoporosis screening and treatment. 53, 55 Two studies were randomized controlled trials, 54,57 and 1 used a nonrandomized design. 56 The interventions targeted both patients and physicians. One randomized trial examined the effect of varying the emphasis of pretesting counseling between positively and negatively focused consequences of BMD testing. Those who received negatively focused counseling (e.g., mentioning anxiety associated from a diagnosis of osteoporosis or potential side effects of osteoporosis treatment) were significantly less likely to proceed to BMD testing than a control group or those who were given positively focused counseling. The second randomized trial examined the effects of BMD report length on physician ordering of BMD testing. Those physicians receiving long clinical narrative reports were more likely to order BMD testing than those receiving shorter reports of a technical nature. While 3 of 5 interventions we found reported an increased rate of BMD tests ordered after the intervention was completed, only the 2 randomized trials demonstrated statistically significant differences.
DISCUSSION
Our systematic review of three categories of articles from the osteoporosis screening literature found that 9, 15, [26] [27] [28] osteoporosis screening guidelines lack uniformity in their development and content. In populations for which there was agreement in guidelines about the utility of performing BMD screening, such as older patients with fractures and oral glucocorticoid users, we found low screening rates across multiple studies. Several patient and physician characteristics were associated with BMD testing, yet few articles carefully assessed correlates of screening using adjusted analyses. Only a small number of interventions to improve osteoporosis screening have been undertaken, and none of the findings have been reproduced. There is concern that bone densitometry is performed infrequently in at-risk populations, and our findings may provide insight into this underutilization. Differing methods for guideline development, from evidence selection and grading to the degree of pharmaceutical support, may affect their credibility. In addition, variable recommendations across different practice guidelines limit the effectiveness of such recommendations. For example, while many guidelines endorsed screening all postmenopausal women under 65 with an additional risk factor for osteoporosis, there was little agreement on what those risk factors were. This lack of consensus may lead physicians to conclude there is no convincing evidence for any screening strategy. Recommendations were discrepant for other groups, including older postmenopausal women, men, and oral glucocorticoid users. Such heterogeneity of practice guidelines may produce confusion among physicians and patients and impair decision making regarding osteoporosis. Confusion about appropriate populations on which to conduct BMD testing may extend even to high-risk groups for whom there is clinical agreement. The low rates of BMD screening reported in oral glucocorticoid users and postfracture populations may in part be due to conflicting practice guidelines.
Almost all of the studies reported low rates of BMD testing: less than one tenth of postfracture or glucocorticoidusing patients, most of whom were postmenopausal women, received BMD testing. While not entirely comparable, these average screening rates are far lower than those for other diseases with accepted screening strategies including prostate cancer and hypercholesterolemia. 58 -60 Few predictors of BMD testing beyond patient gender, physician specialty, physician gender, and dose of oral glucocorticoids have been examined or identified. The limited information related to correlates of bone densitometry use prevents understanding which patient subgroups are more or less likely to undergo recommended screening. Equally important is the possibility that unrecognized groups of low-risk patients may be receiving BMD unnecessarily. Improving the identification of individuals with osteoporosis through BMD testing requires a better understanding of how and where to intervene. The lack of well-defined strategies for improving rates of BMD testing prevents physicians, administrators, and health policy advocates from addressing the needs of at-risk populations. The lack of well-designed controlled trials of interventions to improve rates of BMD testing hampers quality improvement in this area.
The findings of this review may be subject to several limitations. It is possible our search strategy failed to identify published articles that would have been relevant to our analysis. Hospitals, clinics, insurers, and other health care organizations produce their own practice guidelines that were not included for review. While we did collect information on the content of guidelines, our review was not a meta-analysis or a "meta-summary." It was not intended as a comprehensive synthesis of the recommendations of all available practice guidelines. Various studies correlated BMD testing data from different sources, possibly confusing the interpretation of a weighted average of BMD testing rates. We did not collect data on treatment rates in this analysis. High rates of treatment could partially explain low rates of BMD testing if physicians opted to initiate therapy for high-risk patients without documentation of low bone density. While some evidence supports this approach, 61, 62 a review we conducted of osteoporosis treatment found low rates of pharmacological therapy in similar populations. 6 Further research is necessary to better determine the factors that predict BMD testing, and how best to optimize the rate at which at-risk populations undergo screening. There is a need to clarify patterns of BMD use across lessstudied populations: nonwhite postmenopausal women, premenopausal women with multiple risk factors, hospitalized patients, and men. Studies that report screening rates should include analyses that adjust for relevant patient and physician characteristics, and assess awareness of osteoporosis and its risk factors, accessibility of densitometry equipment, reimbursement of testing, and familiarity with reports and therapeutic options. A better understanding of factors that predict osteoporosis screening is critical for the development of effective interventions. 
